The 
INTRODUCTION
The invasion of freshwater ecosystems by nonindigenous species has increased dramatically in the last century as a result of shipping and building of canals which connect large rivers (e.g. Kinzelbach 1995; Tittizer 1996) . For example, in Germany, the opening of the Main-Danube canal in 1992 led to an invasion of numerous species from the Ponto-Caspian region into the rivers Main and Rhine (e.g. Tittizer 1996; Tittizer et al. 2000) . Invaders frequently interfere with native species causing shifts in species composition and abundance (e.g. Dick 1996; van der Velde 2000) .
Among invasives, the Ponto-Caspian crustacean Dikerogammarus villosus SOVINSKIJ, a member of amphipods, has become one of the most abundant species in the rivers Main, Rhine and Danube (Kley & Maier 2003) . This species is known to be an efficient predator which has replaced native and invasive gammarids in many communities (Dick & Platvoet 2000; Kinzler & Maier 2003) . Considerable declines in the whole macroinvertebrate fauna along with the arrival of D. villosus have been reported from waters in the Netherlands (Dick & Platvoet 2000; van der Velde et al. 2000; Dick et al. 2002) and France (Devin et al. 2001) . Recently, Dick et al. (2002) showed in laboratory experiments that D. villosus killed more macroinvertebrates than did Gammarus duebeni LILLJEBORG, a species native and widespread in western Europe (Dick & Platvoet 2000) . In the rivers Rhine, Main and Danube, D. villosus frequently coexists with another invasive gammarid, Echinogammarus ischnus STEBBING, native to the Ponto-Caspian region (Kley & Maier 2003) . To assess the predatory impact of invasives on macroinvertebrates we performed a series of laboratory experiments with mixed and single macroinvertebrate prey taxa and gammarids as predators. We compared the predatory impact of D. villosus and E. ischnus on macroinvertebrates with that of two native species (Gammarus pulex L. and Gammarus roeseli GERVAIS) which were the dominant gammarids in the Main, Danube and Rhine systems until the late 1980s. We expected that D. villosus and E. ischnus are much stronger predators than are native species, consuming more and a broader spectrum of macroinvertebrates.
METHODS

Collection and maintenance
Invasive gammarids (D. villosus and E. ischnus) were collected by kick and pond net sampling at the lower reaches of the River Danube near the town Deggendorf; native gammarids (G. pulex and G. roeseli) were obtained with the same sampling method from the upper reaches of the same river near the town of Ulm. Prior to experiments, gammarids were separated by species and maintained under standardized conditions (17-18 °C; artificial light provided by Osram L36 W/25 universal white lamps, light intensity at water surface 5 W m -2 , light cycle 16 L : 8 D) in aerated plastic vessels (35 × 25 × 15 cm) which contained 8-9 L of aged tap water (water height 8 cm; pH 7-8; conductivity 500 µS cm -1 , total hardness 13.2 dH). Substrates from the natural habitat (gravel: 3-10 cm grain size, stones: 4-10 cm diameter) and 3-4 stems of the aquatic plant Fontinalis antipyretica L. were introduced into the vessels to provide shelter for gammarids. Leaves of willow (Salix alba L.), ash (Fraxinus excelsior L.) and elm (Ulmus carpinifolia GLEDITSCH) which were collected at the shores of the River Danube, dried and treated as described in Callies (1996) served as food. Gammarid density in the vessels was approximately 1000 ind m -2 which is within the range of gammarid density observed at the collection sites (e.g. Kley & Maier 2003) . Under these conditions gammarids could be maintained for weeks.
All experiments were run under the same temperature and light regime as employed during maintenance of gammarids. A gentle water movement provided by air stones was used in the experiments, consistent with field observations that showed current velocity at the shores of the river is very low (<0.02 m s -1 ). Prey organisms (cf. Tab. 1) were collected in the Danube at the site near Ulm approximately 2 h before they were used in an experiment. Water temperature at the collection date was similar to the temperature during experiments (approximately 18 °C). All substrate was washed repeatedly before it was used in an experiment to remove meiofauna.
Predator-prey experiments
In the first predator-prey experiment, which simply served to evaluate the range of gammarids diets, 5 individuals of a macroinvertebrate species were introduced into a plastic aquarium (35 × 25 × 17 cm) supplied with gravel and stones (grain size: 3-10 cm) as substratum. Prey was allowed to settle for 1-2 h before predators (5 gammarids) were added. Eleven prey organisms from different taxonomic groups were tested (Tab. 1). These prey organisms were important components of the natural community at the Danube near Ulm. Three replicate trials for each prey-predator combination and three controls (without gammarids) were run. Only adult gammarids of the same size (approximately 20 mm) and of mixed sex (50% males and 50% females) were used and allowed to feed on prey for 24 h. Gammarids of mixed sex were used, reflective of mixed-sex populations in the nature. Predation rates were estimated as difference in macroinvertebrate survival between aquaria with gammarids and controls. Cannibalism between gammarids was not observed during the experimental period.
In the second predator-prey experiment to evaluate prey preference, combinations of prey species (5 individuals of those species which were consumed in the first experiment) were offered to one adult specimen (15-20 mm) of either D. villosus, E. ischnus, G. pulex or G. roeseli in 35 × 25 × 17 cm aquaria supplied with gravel and stone substrate (grain size 3-10 cm). Prey was allowed to settle for 1-2 h before gammarids were introduced. One set of experiments was run without gammarids as a control to assess interactions between prey species. Four experiments for each gammarid/prey combination and 4 control experiments were run. Difference in prey survival between control and experimental aquaria was estimated after 24 h.
In the third predator-prey experiment to estimate maximum gammarid predation rates, one specimen of either D. villosus, E. ischnus, G. pulex or G. roeseli was combined with abundant quantities (10 prey per 12 × 12 × 6 cm aquarium which corresponds to a density of 694 m -2 ) of either a mobile prey (A. aquaticus L.) or a less mobile prey (chironomid larvae). Experiments without gammarids were conducted to control for interactions between prey. Aquaria were provided with filter tubes A series of Kruskal-Wallis ANOVAs and one-way ANOVAs, dependent on whether data were normally distributed or not, followed by U-test or Tukey's post hoc test for pairwise comparison were employed to estimate whether consumption rates varied with gammarid and / or prey species.
RESULTS
In the first single-prey experiment, gammarids consumed 4-6 of 11 prey types ( Fig. 1 (Fig. 1) . Echinogammarus ischnus consumed more prey than the native species G. pulex and G. roeseli (U-test: Ps <0.01); no difference in consumption rate was observed between the two native species (U-test: P = ns).
In the mixed-prey experiments, chironomid larvae were eaten by all gammarid species (Fig. 2) . Again, consumption rates varied between gammarid species (Kruskal-Wallis ANOVA: H = 9.0 (4) , P <0.05) with D. villosus consuming more prey than the other species (Utest: Ps <0.05). No difference in consumption rate could be found beween the other gammarid species (U-test: Ps = ns). However, E. ischnus and G. pulex consumed a broader prey spectrum than did G. roeseli which consumed only chironomid larvae. Hydropsyche larvae were not consumed in this experiment.
In the second single-prey experiment (experiment with high prey density), again, consumption rates differed between gammarid species (one-way ANOVA: A. aquaticus, F (3/39) = 25.0, P <0.0001; chironomid larvae, F (3/55) = 16.0, P <0.0001; Fig. 3 ). The invasive species D. villosus consumed a greater number of A. aquaticus and chironomid larvae than all other gammarid species (Tukey). Echinogammarus ischnus consumed the same number of A. aquaticus and chironomid larvae than G. pulex but a higher number than G. roeseli (Tukey). Gammarus pulex consumed a higher number of A. aquaticus than G. roeseli but the same number of chironomid larvae. Chironomid larvae were consumed at higher rate than A. aquaticus (Fig. 3) . Biomasses of A. aquaticus and chironomid larvae, respectively, consumed per predator and day were 24 and 25 mg (D. villosus), 11 and 20 mg (E. ischnus), 11 and 17 mg (G. pulex) and 2 and 11 mg (G. roeseli).
DISCUSSION
Formerly, gammarids have been regarded as part of the "shredding" functional feeding group, consuming detritus, leaves and associated microbes (e.g. Friberg & Jacobsen 1994; Gayte & Fontvieille 1997) . More recently, based on results of gut content analyses and predation experiments (Summers et al. 1996; Dick 1992 Dick , 1995 MacNeil et al. 1997; Dick & Platvoet 1996 Dick et al. 2002; Kelly et al. 2002; Kinzler & Maier 2003) , gammarids are increasingly recognized as omnivores and predators consuming a wide array of prey organisms. Some invasive gammarids which are known to be strong predators (e.g. Dick & Platvoet 2000 Dick et al. 2002; Kinzler & Maier 2003) are expected to cause alterations in the macroinvertebrate community. Recently, Dick et al. (2002) larvae (Ischnura elegans VAN DER LINDE, Caenis robusta EATON, Chironomus sp., Chaoborus sp.) and adult water insects (Sigara sp.). They found that D. villosus fed on all prey species tested and that D. villosus consumed more prey than G. duebeni. Our results also show that D. villosus consumed more and a broader prey spectrum than the other gammarids (E. ischnus, G. pulex and G. roeseli) tested. That waterboatmen (Corixa sp.), damselfly nymphs (C. splendens) and leeches (G. heteroclita) were not consumed in our study while representatives of the same taxonomic groups were consumed in the study of Dick et al. (2002) may result from differences in experimental design and / or differences in prey species and sizes used between the two studies. Our results further suggest that predatory impact of the invasive E. ischnus on macroinvertebrates is somewhat higher than that of the native species G. pulex and that the native G. roeseli is the weakest predator of all gammarid species tested.
That chironomid larvae were most heavily preyed upon by all gammarids in the mixed prey experiments was expected because this prey is rather immobile and can easily be captured by gammarids. Dick et al. (2002) also found high predation of chironomid larvae in the presence of D. villosus or G. duebeni which coincides with our results. That, Hydropsyche larvae were less consumed may result from the fact that this caddisfly larva is able to defend itself with its pointed mandibles. Our results further show that gammarids can consume macroinvertebrate biomasses of 11 (G. roeseli) to 25 mg (D. villosus) per day which is in the range of one third of their own biomass.
Our results do not prove that predation by invasive gammarids is a major cause for the decline of macroinvertebrate numbers in several Central European large rivers. Many other invasive species may interfere with natives by competition and modification of interspecific interactions. However, taking into account that density of gammarids may range from several hundreds to thousands per m 2 , the predatory habit of invasives may have contributed to some extend to the decrease of abundance in some macroinvertebrate taxa or support a role for invasive predation in decline of native macroinvertebrates.
